The link between reward and learning has chiefly been studied scientifically in the context of reinforcement learning. This type of learning, which relies upon midbrain dopaminergic response, differs greatly from the learning valued by educators, which typically involves declarative memory formation. However, with recent insights regarding the modulation of hippocampal function by midbrain dopamine, scientific understanding of the midbrain response to reward may be becoming more relevant to education. Here, we consider the potential for our current understanding of reward to inform educational learning, and consider its implications for gamelike interventions in the classroom.
Introduction
Reward and education -the search for a relation between reward and educational achievement Teachers regularly use incentives to engage their pupils, but researchers have had difficulty in developing evidence-based insight to support this practice. Partly, the difficulties derive from identifying clear educational benefits of offering rewards. Some effects of reward on memory were reported in early studies [1] [2] [3] , whereas other investigations have been inconclusive [4] . Indeed, even the effect of rewards on general performance motivation has been called into question [5] . Loftus [6] reported effects of reward on encoding and suggested these arise from enhanced attention, rather from the reward itself. By showing that reward-associated items were both more remembered and also fixated on more frequently during encoding, Loftus [6] showed that rewards may focus the attention of individuals more on some stimuli than others, which may make them more salient and so memorable. Rewards over longer time scales have also shown unpromising results, with no positive effects arising when 15-16 year olds were offered financial incentives and 'tickets to events' in return for raising their national examination results [7] and negative effects reported for self-regulated learning [8] . The mixed nature of these findings highlights the need for a more sophisticated understanding of reward and learning, to generate more secure principles and hypotheses to test.
In this paper, we focus upon the potential implications for game-based learning of the putative effects of reward on attention and declarative memory formation. Declarative memory formation has a special significance in education, possibly because knowledge that can be made explicit is most conveniently assessable [9] . We begin by considering reward explanations of reinforcement learning behaviour in dynamic environments that require actions to optimise reward and so have a modest resemblance to popular gaming environments. We consider links between reward and attention, and how reward learning processes may explain the putative benefits of gaming environments beyond declarative memory. Finally, we review current efforts to implement this understanding in the classroom.
We should emphasise from the outset that space constraints do not afford a full review of current concepts and understanding of the relationship between reward and memory, but instead we focus on the potential relation between emerging understanding in this area and education. We hope our article outlines the current uncertainties in developing a 'bridge' between neuroscience and education in this area, and may provide a useful prompt for future investigations. (For an excellent review of how reward motivation influences memory, with an emphasis on declarative memory, the reader is directed to Miendlarzewska et al. [10 ] .)
